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ABSTRACT 


An  analysis  of  mioroaalsm  ground  notion  at 
Palisades  and  Weston  is  made  on  the  basis  of  both  statistical 
and  individual  wave  studies.  Data  from  three-component 
seismographs  are  utilised  for  the  study  of  six  nioroseism 
atoms*  The  results  of  both  method*  of  ground  notion 
analysis  show  that  the  nioroaeisms  studied  for  Palisades 
and  Weston  are  either  pure  Rayleigh  waves  or  combinations 
of  Rayleigh  waves  approaching  fron  different  directions* 

The  study  also  tends  to  support  earlier  findings  of  Lee 
that  a relationship  stems  to  exist  between  certain 
■loroaelm  paraaetera  and  local  geology.  The  use  of  the 
data  to  dateralne  wave  approaoh  direotiona  on  the  assumption 
of  Rayleigh  waves  supports  earlier  reports  of  refriotlon  at 
the  continental  borders,  and  gives  further  evidenoe  for 
the  exlatenoe  or  a nioroseito  discontinuity  at  the  nargin 
of  the  continent  in  the  vicinity  of  Long  Island. 


INTRODUCTION 


Since  the  earliest  disuusslon  and  naming  of 
mioroeeisma  by  Bertelli  (1)  much  attention  has  been  given 
to  the  still-unsettled  problem  of  origin  of  the  2-10  aeo 
mioroaeienfl.  However,  studies  of  taioroaeiam  ground 
motion  lagged  behind  long-range  statistical  studies 
involved  in  correlation  with  factors  of  possible  origin} 
e.g.,  Zoepprlts  (2),  Oeussenhainer  (3),  and  Mendel  (4). 

These,  and  other  early  studies  did  serve  to  shoe  striking 
variations  among  the  three  components  at  a given  station 
and  among  different  stations. 

With  the  wider  application  of  the  three -component 
seismograph  to  the  study  of  mlcroseisms,  whieh  began  in  the 
1930a,  'Lee  (6, 6,7, 8),  Lest  (9),  fladati  and  Masuda  (10) 
and  Archer  (11),  and  more  recently  Ramirez  (12),  Wilson  (13), 
Loet  (14,  16),  Xishinouye  and  Ikegami  (16),  d'Herry  (17), 
and  Ikegami  and  Kishenouye  (10,  19)J  a more  complete  picture 
of  total  ground  notion  has  been  obtained  for  each  of  the 
stotionc  studied,  Somewhat  divergent  observations  have 
resulted  from  those  investigations  so  that  rale rose lame  have 
beon  doaoribed  for  sane  localities  as  essentially  Rayleigh- 
wave  type  notion  and  for  others  as  a combination  of  K&ylstgh- 
and  Lovo-wave  type  motions.  Since  very  few  attempts  at  a 
oompleto  study  of  mlcroseism  ground  notion  have  been  published 


for  North  America:  stations  it  is  hoped  that  this  work 
will  add  valuable  data  to  the  problem  of  the  nature  of 
microaelsns,  especially  in  view  of  the  differences  in 
current  observations • 

'The  seismograms  used  in  this  study  were  from 
instruments  with  the  following  characteristics » 

Pulisados  - ]/  and  E,  T0=12  0°^  13  respectively,  T^.013 
Z,  70»11,  Tg-14 

Weston  - long-period  Renioff,  N,E,Z,  Tq=1,  Tg=*00. 

Calibration  curves  are  available  for  the  Palisades 
instruments.  Long  use  of  those  otirvos  in  earthquake  studies 
have  indicated  thoir  reliability  for  waves  of  20  sno  or 
lcnc«r.  To  check  tho  reliability  of  the  data  on  instru- 
mental rooponso  Tor  shorter-period  waves,  Rayleigh  waves 
(np)  for  tho  Alaskan  shock  of  }»y  Cb,  1960  were  measured 
on  Palisades  records,  Itiese  waves,  with  periods  of  about 
b,G  to  12  seconds  ure  olooe  to  tho  ,’vicroseian  period  rnngo, 
Thane  wavfjo  showed  orbital  notions  typlonl  of  Rayleigh  waves 
and  olao  showed  pood  horirontnl  polarity  which  in'  Jontod 
the  direction  of  the  epicenter  to  within  a lew  degrees • 

The  longer  axes  of  the  orbits  showed  pronounosd  inclination 
in  the  direction  of  propagation  an  is  shown  by  those  of  the 
microsnisns  to  be  given  later.  It  is  concluded  that  tho 
instrumental  response  is  also  known  with  sufficient  re- 
liability in  the  nicroseism  range  of  periods,  in  the  case  of 
the  Palisades  instruments.  Hie  Wostun  data  was  obtained 
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from  matched  Bonioffa  for  which  no  calibration  curves 
were  available.  However  the  uniformity  of  the  results 
to  be  given  later  Indicates  that  differences  from  expected 
phase  response  and  magnification  among  the  components  are 
within  such  sufficiently  narrow  limits  as  to  have  no 
serious  effect  on  the  results  and  conclusions* 

A total  of  six  microselsm  storms  were  selected 
for  Investigation  with  Weston  reoords  available  for  one  of 
these.  The  atoms  were  selected  so  as  to  include  a wide 
range  of  periods  (about  3 to  0 sec)  and  for  meteorological 
conditions  that  appeared  simple in  addition  to  oases  that 
were  close  to  the  tino  of  initial  calibration  of  the  instru- 
ments. 

STATISTICAL  ANALYSIS  (S’  PHASE  HKLATI0H3KIP3 
ATOIJG  7J.7!  T.ltKT.  CCTTOtnXTS 

The  procedure  used  hero  is  based  upon  that 
doacribod  by  I/»e  (0).  All  measurements  and  calculations 
wore  made  every  six  hours  during  the  six  microselsm  storms, 
with  phase  measurements  being  recorded  for  one-hundred  waves 
in  close  sequence.  Continuous  measurements  wore  rwtde  at 
the  minute  narks  ond  at  ten-sec  intervals  until  one-hundred 
waves  identifiable  on  nil  components  wore  included.  This 
covered  about  thirty  minutes.  According  to  the  system  of 
lee  and  others,  n vuvo  cyclo  is  divided  Into  sixteen  parts 
with  the  phase  angles  represented  hy  tho  points  of  division 
boinj  t Ivon  numbers  from  "O'1  to  "IS"  In  the  manner  shorn  in 
Fig.  1.  In  reliability  measurements  It  vna  found  that  tho 
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-Im- 
precision of  phase  readings  w as  within  one  unit. 

To  compare  the  ground  notion  shown  by  each  component, 
the  phaae  diff erencos , Z-E,  Z-N  and  II -E  were  determined 
for  each  one-hundred  wnvos  noasured,  phase  differences 
of  instrumental  oriyin-  wore  determined  to  be  about  SO 
do.  reea  for  Z-E  and  Z-U,  and  6 decrees  lor  H-E  for  the 
mioroseisn  period  studied,  The  final  rosulto  woro  corrected 
for  thooo  errors  in  a manner  < Ivor.  Inter, 

The  frequency  of  ooova*renoe  o1  nnch  of  the  oLxtnen 
possible  phase  difforenene  wns  determined  and  three  froruoncy 
distributions  (corresponbini  to  Z-E,  Z-U  and  I'-E)  voro 
obtained.  The  frequency  value  a in  t.hene  diatributione  were 
omootliod  by  overlapping  WMt.htod  proupn  of  live  values  nn 
ivon  in  the  formula 


F'  a K „ ♦ CF  , <-SF  ♦ 2F  , ♦ V _ 
n n-2  n-1  n n + 1 n+2 

^ 

whom  K'n  in  the  anoothed  frequency  and 

Fn  is  the  number  of  observations  of  any  phano  dinorenco,  (n). 

Table  I (.iveo  smoothed  peroert  tape-frequency  distrl- 

butione  of  phase  differences  for  the  nicroseism  storms 

studiod.  To  indicate  the  order  of  poriod  involved,  the 

average  poriod  of  only  the  vertical,  T,  is  pivon  for  each 

u 

case  since  no  significant  or  constant  differences  occurred 


omon£  the  components , Wilson  (13)  howovor,  found  that  the 
periods  of  the  horizontals  at  Berkeley  were  consistently  ono- 
half  sec  longer  than  those  of  the  vortical. 
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Table  I shows  a preponderance  of  phase  difference 
distributions  at  certain  values,  as  shown  by  the  under- 
scoring. Table  II  ^Ives  a mv.ierical  sujiriary  of  the  most 
connonly  occurring  phase  differences  shown  by  underscoring 
in  Tub le  I.  For  the  II— K distribution,  0 and  180  decrees 
are  nost  frequent,  although  Table  I show.s  that  all  possible 
phu.,0  differences  are  roprosentod.  The  coribinod  results 
for  Z-N  and  Z-T:  at  Pnlisodes  show  nost  frequent  occurrence 
at  either  13b  or  315  riefroes.  lor  Weston  most  frequent 
occurrence  for  Z— !•  and  Z-"  is  at  either  112  J or  292$  riopreos, 
with  all  possible  phase  differences  a,::ain  beinf  represented 
in  Table  I. 

ConslderLnc  the  retrograde  elliptic  r.ove»>ent  cf 
nnylel(  h waves  and  th.e  fact  that  an  up-trnco  movement  on  the 
soisnoj.rA-'.s  used  corres.  ont' s to  ,;round  notions  that  are  east, 
north  or  up,  the  phase  differences  between  the  vertical  and 
the  horizontals  should  bo  d<)  or  270  decrees  depending  on  the 
direction  of  wave  approach.  Further,  the  differences  between 
north-south  ami  ot.eL-wvst  conpononts  should  be  either  0 to 
lno  decrees,  n*  nln  depending  on  the  direction  of  approach. 

Clearly  the  observed  phase  differences  for  the 
horizontals  (K-K  in  the  tables)  aro  in  i ood  agreement  with 
Paylolj.h  wnvo  theory,  but  are  45  and  22$  decrees  too  larpe 
for  the  differoncoa  between  vertical  and  h<T lzontnls  (Z-?», 
Z-Ti)  at  Palisades  and  '..'oston  respectively.  However,  if 
the  instrumental  correction  of  about  20  dot  reos  (;  iven  by 
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calibrations)  is  made  for  the  Palisades  results  they 
would  thor  natch  those  for  Uoston.  (llo  correction  la  made 
for  the  natched  Weston  components).  This  leaves  for  both 
stations  a residual  difference  botween  observed  and  theo- 
retical values  for  Z-N  and  Z-r.  of  about  25  decrees,  which 
was  also  found  by  Lee  (B).  Recent  theoretical  work  of 
Caloi  (.:0)  nay  apply  os  an  approximation  to  a layered 
crust.  Helot  showod  that  tly*  axes  of  the  elliptic 
particle  paths  in  Kaylei*  h wave  notion  ahould  bo  inclinod 
Lr.  an  Infinite,  Isotropic,  viaco-clastic  modiun  which  is 
comparable  to  the  eve  rape  rock  of  the  earth’s  crust. 
Presumably  the  anoxait  of  Inclination  will  bo  affected  by 
oth  layering  and  rock  type.  Dobrln  (21)  anti  Lieler  (22) 
have  recently  reported  on  inclinations  of  Haylelgh  wave 
orbits  produced  in  explosion  seismology. 

As  sun  it;  tliat  the  observsd  nlcroaslsna  approached 
fren  the  coast  (east)  and  generally  fron  Uie  direction  of 
the  -/.*  t obvious  r.etcor  logical  "■ is  turbances , the  observed 
; n-e  d I f : erer.C'-a  ir.i  lento  retro,  rudo  orbital  notion.  It 


in  ir.pc.rt  an  t t>  r.pl«  that  any  nochan  la:.;  canning  ground 
, ertir.  to  r.ove  In  elliptic  paths  woxi.lr  appear  to  explain 
tr.e  bocerv'r*  ;;ane  iff er«*r.r *-n , hut  ni,.ht  not  produce  re tro- 
pe, :c  rotation,  m ohnerv-r:  here.  Hutonhert.  (23)  for  exnnplo 


cal  I r.  r«  t * or 


<c  If  e;. 


reflected  SV 


rjurJ />ce  could  produce  tui  elliptic  notion 


•r  tr«l  oietfne»*3  of  «"0  to  kx.i,  which  includes 
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tha  distances  of  most  atmospheric  disturbances  associated 
with  nicroseism  storms. 

statistical  analysis  Cl'  ajtltttttt:  relationships 

AMONG  TIT,  T]C!TE  COMPONENTS 


Durinc  the  intervals  in  which  phase  measurements 
were  made,  the  amplitude  and  period  of  the  largest  T/ave  in 
each  minute  was  also  reoorded.  Kor  each  of  the  components 
the  mean  amplitudes,  * X,f  and  were  oonputod  at  eaoh 
observation  tine  of  about  30  minutes  duration,  iron  this, 
the  mean  horizontal  amplitude, 

*11”  1 l *1  * ‘ 


was  computed.  The  ratio  of  the  mean  horizontal  to  the  mean 
vertical  amplitude  , and  also  the  ratio  of  the  horizontals 

X^/Xjj  were  determined. 

In  Table  III  note  that  Weeton  amplitudes  are  given 
as  trace  amplitudes  (mngnif iention  curves  were  not  available 
and  no  correction  was  considered  necessary),  whereas  for 
Palisades  ground  notion  amplitudes  are  given,  Ground 
amplitude  caloulationo  are  based  on  the  assumption  of 
continuous  sinusoidal  waves . Although  this  is  inadequate, 
the  results  lor  a particular  instrument  type  would  bo  affected 
in  a similar  way  for  a given  wave  form.  Sinoe  this  study 
essentially  oonaiders  amplitude  ratios,  the  above  considera- 
tions can  be  neglected. 


Although  the  periods  and  ground  amplitudes  for 
Palisades  appear  to  be  goporally  proportional  during  the 
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progreaa  of  any  particular  microaeiam  atom  given  here, 
they  are  unrelated  when  the  data  for  all  the  atoraa  are 
oonaidered  together. 

To  conalder  the  ratio  7^/  for  both  station*, 

It  1*  notod  that  these  value*  are  Generally  unrelated  to 
period.  This  would  be  ejqpeoted  on  the  bails  of  Rayloigh 
wave  theory,  where  thia  ratio  la  a funotion  of  the  direction 
of  approach.  According  to  Table  ZXX,  t^/  generally 
lies  between  0.5  and  0.8.  Ch  the  assumption  of  Rayleigh 
waves  certain  interpretations  oan  be  nade  which  are  given 
in  a later  section. 

A definite  trend  exists  for  the  relationship 
between  and  period  ?z  which  ia  wide  clear  when 

graphed,  as  in  Fig.  2,  where  the  curve  shown  has  been 
drawn  by  eye  to  fit  the  points.  Xn  Fig,  5,  similar 
empirical  results  for  Deliilt  are  taken  frco  Lee  (8),  who 
used  monthly  neans.  Lee' a theoretical  ourve  is  aleo  given 
in  this  flguro  and  ia  derived  from  the  theory  or  Rayleigh 
wavoa  propagetod  in  a system  composed  of  granite  overlain 
by  a lnyer  of  lower  velocity  and  density.  His  calculation! 
reveal  that  the  amplitude  ratios  at  all  periods  should  be 
generally  lower  when  the  elaatlo  properties  of  the  layer 
aro  oloser  to  those  of  granite,  Ratios  of  horizontal  to 
vertical  amplitudes  aro  lower  for  Palisades  than  for  Dehilt 
which  may  thus  be  explained  by  the  latter  being  on  a reoent 
"weak"  formation  compared  to  the  more  compact  rooks  in  the 
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vioinity  of  Palisades.  The  amplitude  ratio*  for  Paliaadee 
oonfora  to  thoae  expeoted  from  theory  for  auoh  oonditiona. 

Lee’s  theoretical  ourve,  which  ia  peaked  at  5.0 
aeO|  haa  been  oaloulated  on  the  baaie  of  1*6  km  of  clay 
on  granite,  and  according  to  hia  work,  would  be  diaplaoed 
toward  ahorter  perioda  for  thinner  aurfaoe  lay era.  Although 
Palisades  reata  on  a layer  only  about  .5  km  thiok  consisting 
of  Triaaalo  aedimenta  with  a portion  of  the  Paliaadea 
diabaie  sill  included,  coaatal  plain  and  ahelf  aedimenta 
begin  a few  kilometer*  eaatward  from  the  station.  These 
extend  eaatward  for  aoorea  of  kilometers  and  thioken  to 
more  than  2 km.  Ho  specific  oono lusions  are  drawn  from 
this,  however,  the  resemblance  between  the  two  curves 
suggests  that  the  mioroaeisna  studied  behave  like  Rayleigh 
waves,  and  that  they  may  be  used  to  reveal  oertain  gross 
geologic  features, 

Weston  ie  situated  on  gneisses  and  schists  in  a 
region  of  Igneous  and  motanorphic  rook  whose  elastic 
properties  are  preaunably  oloser  to  thoa#  of  granite  than 
are  those  properties  for  the  sediments  and  sill  at  Palisades, 
Although  the  Weston  data  are  too  few  for  graphic  treatment, 
the  X^,  TL^  ratios  from  Table  III  are  considerably  lower  than 
those  for  Palisades,  and  thus  also  conform  to  Lse’a  theoretical 
results  obtained  from  Rayleigh  wave  theory. 
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ANALYSIS  OP  INDIVIDUAL  WAVE  MOTION 

Proa  each  of  the  mioroaeism  stoma  studied 
statistically,  several  oneminute  intervals  exhibiting 
regular  waves  identifiable  on  each  component  were  seleoted 
for  detailed  study.  It  is  emphasized  that  seleotion  was 
made  only  on  the  basis  of  wave  ooherence  on  eaoh  of  the 
three  oorsponent  records.  Measurements  of  amplitude  wore 
made  every  half-second  during  those  intervals.  Pnrtiole 
trajectories  In  eaoh  of  the  prime  planes  were  reconstructed 
by  plotting  trace  amplitudes  for  both  stations.  No  corrections 
were  considered  necessary  for  magnification  and  phaae  reeponse 
for  the  Weiton  data.  However,  oertain  oorreotlone  should  be 
oonaidered  for  the  Palisades  date  in  view  of  the  email 
differences  of  instrumental  response,  ftieae  will  be 
oonaidered  in  the  discussion  of  the  trajectories. 

An  example  of  the  results  for  the  mloroseiam  storm 
of  October  13,  19bO,  and  the  traces  from  which  they  were 
derived,  ore  ehown  in  I’if;*  4.  The  general  appearance  of 
the  particle  paths  is  typloal  of  the  results  for  eaoh  of 
the  mioroeelsn  atoms  studied,  with  similar  diagrams  for 
the  othor  five  atoms  being  given  In  Fig.  &,  Loch  sequence 
of  orbits  represents  a nlorosoism  group,  usually  of  three 
or  four  cohorent  wave  cyoloa,  Tho  wave  orbits  have  been 
separated  to  present  aa  clear  a picture  of  the  trajectories 
as  possible. 

It  is  evident  that  the  motion  In  tho  vortical 
planes  (US  and  7T.7 ) are  elliptical  as  was  derived  from  the 
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preceding  study  of  amplitude  ratios,  and  show  varying 
degrees  of  distortion.  Snail  distortions  are  probably 
the  result  of  background-level  osolllatlons  not  apparent 
on  the  traoes.  Oroas  distortions  of  the  ellipses  have 
been  oorrelated  with  asynmetrio  waves,  whose  distortions, 
although  not  visually  apparsnt,  ore  brought  out  in  the 
measurements. 

Although  no  instrumental  corrections  are  made 
here,  consideration  of  magnifications  and  phase  differences 
for  the  Palisades  components  indicates  that  the  only 
corrections  nooessary  would  Involve  a variable  deorease 
of  the  vertical  coordinates  of  the  ellipses.  This  daorease 
would  vary  from  about  26  percent  for  periods  below  7 seo  to 
aero  st  7 seo.  Ho  significant  rotation  of  the  orbits  would 
occur. 

It  is  apparent  that  the  axes  of  the  orbital  ellipses 
projected  in  the  vertical  planes  shown,  are  inolined.  This 
confirms  similar  conclusions  derived  i’rcn  the  preceding 
statletioal  study.  Similar  inclinations  have  been  reported 
by  many  investigators  for  Rayleigh  waves  fron  explosions 
and  earthquakes. 

To  oonsidor  the  trajnotories  In  tlia  horizontal 
plane  it  is  notod  from  rigs . b and  0 that  ground  motion 
shown  here  is  nearly  always  linaarly  polarized.  This  is 
expected  on  the  basis  of  the  statistical  phase  differences 
riven  earlier.  In  Fig.  C,  A on  a striking  correlation 
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exists  for  the  decree  and  direotion  of  polarity  (SE) 
for  Palisades  and  Woston  for  the  sane  times  and  same 
mioroaeiam  atom.  Instrumental  oorrectlons  would  cause 
a deorease  of  about  b decrees  In  tho  an^le  between  the 
north-south  coordinate  axis  and  the  lont  axes  of  the 
orbits  and  a deorease  In  tho  total  east-west  notion  by 
about  20  peroent  for  Palisades.  The  tendency  toward 
elliptic  motion  In  the  horizontal  trajeoturies  shown  here 
has  been  observed  at  other  stations,  leading  to  the  con- 
troversy over  the  type  or  types  of  seismic  waves  present 
in  nioroselsa*. 

The  most  oomon  interpretations  for  this  effsot 
hsve  been  that  the  observed  nloroseisns  are  either 
combinations  of  Rayleigh  and  Love  waves  or  of  pure  Raylelnh 
waves  arriving  simultaneously  fron  different  directions, 

Tht  fomep  implies  that  nost  of  the  time  elliptic  horlcontal 
notion  should  exist,  with  pure  Hayleich  or  pure  Love  wavea 
being  observed  on  occasions , The  latter  Implies  that 
elllptlo  horizontal  notion  nay  bt  frequent,  and  that  pure 
Rayleigh  wave  motion  should  be  observed  whenever  the  wavoa 
are  unidirectional.  Pure  Rayleigh-wave  type  notion  is 
o ormon  a t Palisades  and  Weston  according  to  the  data  shown 
hers.  A oareful  examination  of  the  records  for  these 
mioroseiara  storms  rsvealed  only  one  or  two  caties  in  each 
one-hundred  cycles  in  which  Love  wave  motion  was  indicated 
by  horizontal  motion  with  no  aooompanying  vertical  motion, 
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and  suoh  movement  waa  always  near  background  level  and 
usually  incoherent.  Although  microseisns  studied  at 
some  localities  seen  to  show  a significant  Love  wave 
contribution,  those  reported  here  seen  to  be  pure 
Rayleigh  waves  or  combinations  of  then.  3 one  departure 
from  linear  polarity  is  actually  observed  for  accepted 
earthquake  Rayleigh  waves  recorded  at  Palisades,  and  s^tma 
to  be  a result  of  interference.  Further,  if  the  souroe 
of  these  mloroseisns  be  considered  as  the  obvious  roar  in  e 
meteorologic  disturbances,  or  iron  any  marine  effect, 
the  sources  would  be  generally  eastward.  The  notions 
then  ehown  in  the  diagrams  would  be  retrograde  and  oenpare 
favorably  with  Rayleigh  waves. 

DRTRfWIJ.’ATIOU  Of  TIE  DlfECTIOJ!  «*•  V/AVE  APPROACH 

Aasuning  the  mloroeeiane  studied  to  be  Rayleigh 
waves  it  is  possible  to  apply  the  data  and  raeulte  obtain*!  her# 
to  the  determination  of  the  directions  of  approach.  Based 
on  the  Rayleigh  wave  ooneept,  each  quadrant  of  approach  is 
associated  with  a certain  set  of  values  ror  the  phase 
differences  2-E  and  Z-V,  as  is  sumarired  in  Table  IV, 

TABUS  IV 


"T=E 

-’US  

■w 

SK 

90 

270 

SW 

270 

270 

TIW 

270 

90 
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After  correcting  the  phase  differences  In 
Table  I from  the  calibration  data  and  allowing  for  the 
inclinations  of  the  elliptic  axes,  a dominant  quadrant 
of  approach  is  found  for  each  observation.  To  further 
roflne  the  direction,  the  ratio  Xg/  X^  given  in  Table  III 
is  used  to  define  the  mean  direction  angle  (®»Arctan  XE/Xil). 
This  is  measured  from  north  for  northeast  and  northwest 
quadrants,  and  from  south  for  southeast  and  southwost 
quadrants.  In  addition  to  these  directions  based  on  the 
statistical  data,  directions  were  also  determined  for  the 
individual  waves  studied  in  the  preceding  section.  In  this 
case  the  quadrant  of  approach  is  obtained  from  the  comparison 
of  the  particle  rotation  in  the  SW  and  VS  vertical  planes, 
and  the  direction  angle,  © , is  the  angle  between  the  direc- 
tion of  elongation  of  horizontal  notion  and  the  north-eouth 
coordinate  axis.  Such  directions  were  determined  only  for 
the  waves  which  showed  linear  polarity  in  the  horizontal 
planes.  Instrumental  corrections  wore  applied  to  those 
directions. 

The  r.otocroiogicnl  disturbances  associated  with 
the  microseisns  wore  determined  from  marine  weather  charts, 
and  both  the  azimuths  of  th*  centers , and  the  sectors 
subtended  by  the,  storms  nt  the  stations,  wore  moasu.-ed . 

Table  V.  summarizes  ihn  direction  results  obtained 
from  tiio  statistical  data,  and  Table  VI,  the  results  from 
the  individual  v/ave  analysis,  h'orthenst  and  southeast  appear 
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to  be  the  only  quadrants  of  approach  which  is  expected 
for  marine  sources  and  the  stations  involved.  In 
general  tho  computed  directions  of  approach  do  not 
coincide  with  the  azimuths  of  the  storm  centers  nor  with 
the  sectors  subtended  by  the  storms.  Agreement  between 
conputod  and  obsorved  directions  is  much  better  for  storms 
that  are  northeast  or  southeast  than  for  those  directly 
eastward.  This  tendency  for  approach  directions  to  be 
either  northeast  or  southeast  even  when  generating  areas 
are  to  the  east  strongly  Indicates  rofraotion  of  microaeisns 
at  the  continental  margin.  In  most  cases  when  hurricanes 
moved  fron  south  to  north  off  the  oust  coast,  approach 
directions  renalnod  to  the  southeast  until  tho  storm  was 
well  to  the  north  of  east.  Ihen  approach  directions  awing 
to  northeast  also.  Strong  refraction  effects  for  earth- 
quake hayleigh  waves  were  found  by  Pross  and  Ewing  (24) 
to  exist  for  periods  less  than  20  se<  ends  with  Indications 
that  the  effect  increases  for  docreaslni  periods.  Tri- 
partite studies  o:  Donn  and  Plaik  (20)  also  indicate  the 
existence  of  refraction  of  tiicroaeisms  at  continental 
borders.  Tho  effect  of  swell  traveling  to  the  oonst  in  the 
wake  of  the  storm  and  being  responsible  for  this  effect  is 
negated  by  earlier  studies  (27,  20). 

Of  further  significance  in  this  connection  is  the 
striking  tondoncy  for  oast-west,  displacements  to  bo  lower 
than  for  north-south,  hs  noted  in  Table  II,  especially  when 
atmospheric  storms  ai*o  oust  of  tho  stations.  Tills  appears  to 
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be  of  aicnif loanee  alnc©  observations  reported  In  tha 
literature  cited  oarlior  ( ive  horizontal  amplitude  ratioa 
from  0.5  to  1.5  for  other  atationa.  l-'urther,  no  approaoh 
direotiona  from  east  vara  ever  notod  in  tliis  investigation. 
This  mit.ht  be  explained  by  some  propagation  discontinuity, 
poaaibly  structural  in  nature,  alon^  the  continental  margin. 
An  approximate  onat-weat  orientation  of  tlw  discontinuity 
is  inpliod  by  the  discrimination  gainst  nioroaeisns  fron 
the  east  at  otntiono  alont;  on  approximate  oaat-vnst  lino. 

Such  a discontinuity  vould  have  tho  bum  trend  as  the  conti- 
nental shell'  in  this  critical  area.  Amplitudes  nf  waves 
free  tho  east  would  be  low  owinf;  to  their  hi^h  ancl*  of 
inoidenca  on  such  a discontinuity . Previous  indication* 
of  this  have  been  t iven  by  Donn  (SO)  from  microseiw  studio*. 

co::cujsio:;s 

1.  The  dominant  type  of  mioroaoism  ground  notion 
at  Palisades  and  Weston  roaemblea  that  of  theoretical 
Rayleigh  waves,  'ihis  is  based  on  both  a statistical  and 
individual  anulysis  of  phase  and  amplitude  relationships 
for  storm  mloroaeiams  recorded  simultaneously  on  three- 
oonponont  seismographs,  J’.ioroaeiens  occasionally  ahowinc 
elliptic  rathor  than  linear  polarity  in  the  horizontal 
plane  are  explained  asjbelnu  combinations  of  pure  Rayloich 
waves  from  different  directions. 

2.  Goolo^ioal  significance  of  three-component 
mioroaeism  studies  lies  in  possible  dotemination  of  g:,-oss 
structural  foatures  in  the  vicinity  of  a station. 


Favorable  correlation  between  observation  and  theory 
seems  to  exist  for  suoh  studies  made  at  Palisades  and 
Weston*  However,  those  studies  are  not  considered  to  be 
oomplete* 

3*  The  use  of  the  statistical  and  individual 
wave  analysis  data  to  determine  the  direction  of  wave 
approaoh  at  Palisades  and  Weston  gives  unsatisfactory 
results  whloh  can  be  explained  by  the  existence  of  strong 
refraction  of  mloroselsns  at  the  eastern  continental 
border*  k further  implication  from  direction  and  amplitule 
studies  la  thn  existence  of  a discontinuity,  possibly 
structural  in  naturo,  parallel  to,  and  in  the  vlolnity  of, 
the  continental  margin* 
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TABLE  T.  PHASE  DIFFERENCE  DISTRIBUTIONS 
(SMOOTHED  PERCENT  AGE -FReOUENClES  ARE  GIVEN) 

PALISADES 


DATE 

time 

CC/AW- 

NtNTS 

PHASE  DIFFER*  NCBt  COtO-AttA 

Tt 

t»CTl 

0 

11% 

45 

47% 

10  lijft 

I3S 

IJ7R 

ISO 

202% 

225 

?17f. 

210 

3/5 

337ft 

o«w 

AUG.  20 

IREO 

1800 

i-c 

X-N 

*7 

0.1 

4.6 

£7 

5.0 

3.4 

5.1 

i? 

5.4 

37 

63 

3.1 

&< 

3.3 

7.7 

4.2 

m 

1 .< 
5.* 

80 

6.6 

54 

7.6 

5.4 

/A* 

5.2 

*» 

M 

5.23 

N-E 

6./ 

4.7 

4.3 

1.6 

5.0 

5* 

t.V 

a 

t.l 

7.0 

7-1 

72 

£2 

AUG.  ll 

0 LOO 

z-c 

2.1 

5.6 

7./ 

9.1 

142 

14.6 

<5. 6 

14./ 

7.7 

£1 

X/ 

to 

as 

0,6 

«t 

£6 

02 

/.I 

4.»3 

X-rt 

N-a 

M 

4.1 

47 

7:? 

it 

u 

is 

t? 

« 

7.7 

T*7 

S 

7.6 

Zl 

tt 

7.7 

7.0 

AUG. 11 

IZOO 

z-s: 

7.5 

SO 

l.o 

Iff 

10.0 

/<.* 

1X1 

<33 

10.0 

5.1 

zr 

to 

<■1 

1.7 

f.6 

2.0 

4.74 

X-tt 

4.4 

5.6 

4.4 

4.2 

4.1 

5.0 

5.6 

67 

7.0 

i.t 

7.0 

T2 

7.6 

« 

7.7 

N-e 

1*E 

1.9 

5.5' 

V? 

5.3 

5i 

5.4 

7.4 

SO 

71 

s.t 

4.1 

6.0 

*3 

AOG.Ol 

iSoo 

r-c 

1.7 

3 .1 

#4 

7.4 

M2 

16.7 

/ff.3 

4.4 

4.4 

2.4 

1.1 

1.1 

a7 

0.3 

4.52 

Z'N 

U 

&l 

4.7 

S.  / 

4.2 

4.1 

5.0 

5.2 

4.7 

4.7 

AO 

6.1 

7.3 

fl 

i-i 

n-c 

4.X 

4./ 

5.3 

3.7 

k5 

f.4 

t* 

L2J 

St 

Z4 

5.5 

4.1 

El 

3.1 

4.3 

5.7 

AUG.il 

2400 

X-f 

2.4 

4-7 

7.6 

lot 

14.1 

<6£ 

It..  5 

12.1 

7* 

3.6 

f.l 

«4 

O/ 

0.1 

0.1 

0.3 

4.17 

z-w 

5-4 

w.x 

f* 

*x 

Vi 

35 

6.6 

7.1 

61 

5.7 

5.1 

4-t» 

5.4 

4.0 

4.3 

5-0 

ti-C 

LEJ 

74 

6.1 

£.4 

AX 

73 

40 

54 

54 

S.o 

4.5 

*.7 

45 

5J 

7.4 

4X 

otm% 

1*00 

Z-t 

i/ 

5.3 

4* 

42 

0.x 

1.1 

izz 

11.2 

4.0 

4.0 

*4 

<•9 

2.4 

JO 

9/ 

4.5-3 

Zf< 

11.7 

*./ 

♦ 7 

*./ 

/ 4 

/.  7 

/5 

J.3 

4.3 

5.6 

7.1 

4^7 

1/0 

‘-a 

12.4 

N-t 

4.3 

4.7 

45 

3.7 

1? 

4.5 

6.5 

5.4 

/o.t 

4.5 

7.1 

6.6 

52 

if 

SE.PT  tl 

24CO 

7-C 

1.1 

2.4 

f.l 

f.7 

11.  * 

14.4 

■fc 

14.7 

«.» 

7* 

A7 

A3 

Of 

03 

0.1 

A3 

4.9» 

&4 

64 

4.7 

4.0 

4.1 

4-6 

77 

f.o 

u 

h-c 

♦./ 

44 

4.7 

5. 7 

i/ 

Z.r 

7.0 

7.1 

5.4 

ii 

?* 

ij 

64 

X2 

4.0 

r.tn.ii 

0C%o 

Z-€ 

A 3 

2.1 

i/f 

7.  5 

no 

*5.9 

n.» 

114 

6.6 

2.1 

I.X 

0.1 

1.1 

<3 

1.4 

♦ 11 

X-H 

7.5 

fl 

4.* 

J.6 

4.0 

S.O 

.1 

/♦ 

/- 

ii 

;•* 

4* 

6.* 

7-' 

w-t 

f» 

4.1 

4.1 

ii 

J.l 

s.l 

4.2 

6.7 

7.0 

ii 

L.S 

6.4 

6./ 

2.3 

2.0 

4.X 

SEFT.I2 

I7.00 

Z-E 

4.1 

Zl 

10,0 

/XX 

'L? 

n.3 

10.0 

*,f 

r.o 

v.f 

X.7 

0.1 

0.0 

9.3 

I* 

3./ 

5. 22 

X-N 

<■4. 

4.1 

H 

T» 

*7 

10.0 

IOO 

64 

6} 

4.4 

3 1 

A.o 

*<•2 

H-e 

4.X 

i7 

s.s 

7/ 

109 

*7 

7-f 

64 

L.r 

5.f 

5./ 

V.» 

4.7 

FJ 

SEPTI* 

oooo 

X-E 

3.3 

4.4 

51 

• 5 

HA 

/XI 

its 

/at 

EV 

it 

3.T 

».t 

2.X 

If 

Z.4 

A« 

4.40 

ISSO 

Z-N 

4 3 

54 

3 4 

1.7 

/x.t 

1 1.7 

*.« 

64- 

4.1 

1.7 

7.0 

34) 

27 

1^ 

VI 

N-E- 

3.0 

2 « 

3.0 

3.1 

5.1 

7-4 

11 

12.2 

Ll* 

m 

*+ 

S.7 

43 

57 

22 

2 7 

5EFT.lt 

04 900 

*“& 

Z-H 

44 

4.4 

4.4 

4.3 

6.4 

7.7 

7.0 

1.4 

t.t 

11.4 

If 

1».X 

<2.0 

11.1 

f.) 

n 

if 

f4 

« 

?75 

5.5£ 

N-E 

£4 

S.O 

4« 

i 0 

3.1 

512 

11.7 

<M 

ttxs 

9.1 

12 

6.0 

4.3 

3-5 

7* 

SEFT.i* 

120  0 

zt 

2.  3 

47 

7.3 

9.9 

11.4 

/AO 

m 

IU 

F.7 

» 
6.  A 

3.9 

10 

2.Z 

i.t 

ai 

<.o 

£05 

X-N 

H-fc 

4.4 

7* 

5.4 

Li 

K 

lol 
S 7 

/A* 

4.6 

?s 

u 

ii  £7 

/./ 

6.0 

« 

if 

a.  ft 

4.6 

0CT.I3 

oooo 

Z-fi 

0.0 

at 

3.4 

9.6 

1*0 

lii 

x/.r 

'It 

0.0 

XI 

Al 

0.0 

0.0 

0.0 

0.0 

OO 

oo 

7.7  0 

rt-t 

ft.4 

3.4 

*U 

itt 

0.4 

/.# 

0.0 

ts 

0.0 

0.0 

0.0 

0.4 

M 

4i 

DEC.  S 

0 !00 

X— K 

0.4 

7.1 

50 

£4 

ti 

Its 

IS* 

Ml 

f.» 

4V 

l.i 

0.3 

0.9 

0.5 

o.» 

5.63 

1 iso 

M 

11.4 

• 2 

0-t 

l-l 

1.5 

M- 

o.t 

*s 

7.1 

9.0 

#xf 

14.1 

<*,* 

*'24 

H-fc 

2.1 

2.5 

3.0 

J-A 

X.4 

f.s 

^.0 

ta.%. 

lt.6 

<3-7 

II  .1 

V'.l 

70 

E.4 

j.r 

X) 

DEC. 5 

1 ZOO 

2-K 

1.0 

3,1 

i> 

£i 

i ojy 

ixf 

LSJ 

If.l 

ie.t 

7.X 

3-7 

X,3 

4> 

04f 

A6 

o.r 

3.4/ 

X.-H 

v tS 

4.5' 

3.7 

l.5» 

o.l 

0.3 

0.3 

1.2- 

4,4. 

4.6 

IS*- 

/S' 

t/.o 

/♦.* 

/V-3 

<4.V 

»» 

1.7 

1.4 

».s 

4.4 

7.1 

tu 

M.F 

!£f 

1 •>* 

1.7 

6.3 

i.k 

1.1 

/.I 

p-r 

sePT.u 

oooo 

z-*. 

0.1 

l.i 

2.7 

6.5 

1 0.7 

Iw.X. 

UG4 

1 6.7 

ix.6 

7.4. 

3.i- 

1.0 

O.  3 

0.‘* 

0.1- 

6. 

1451 

Z-N 

45 

S.4 

*.3 

10.6 

!*,/ 

1 1.0 

7.4 

Cot 

*.7 

i.1 

J.o 

1.0 

1.3 

1.1 

44 

»«.4 

a.* 

lax 

6.3 

4f 

V.7 

3.0 

3.7 

3.0 

3.7 

4.4 

E.l 

£.4 

7.f 

SftVT.II 

UGoo 

x-z 

0.4 

2.0 

4.1 

7.4- 

«.7 

<s< 

tfc? 

/EG 

txs 

7.3 

V.E 

1.1 

o.r 

0,4 

AX 

013 

*.  »T 

J.,1 

1.5 

5.7 

IV 

<».l 

Ikl 

1X7 

0.T 

vro 

j.r 

1.0 

05 

o4 

0.1 

'■4 

M — X. 

Hi 

U.7 

o.r 

%> 

S'.*- 

ro 

4.F 

4.K 

4.L 

i.k 

3.7 

3.0 

3.4 

4.4 

7.3  /o^» 

SEPT.  II 

1200 

3-e 

o.x 

1.1. 

vs 

63 

| OJO 

/s.o 

<JL£ 

<7.6 

<3.4 

7.G 

3.7 

i.j 

o.r 

0.1 

0.0 

0.0 

t.GE 

Z-** 

1.x. 

vw 

7.x 

»«.? 

IRI 

1S.X 

15.3 

1 6/4 

«.r 

I f 

0.7 

07 

1.0 

i.i 

N-* 

‘jw 

12.4 

1 X~0 

S.S 

7.0 

4.1 

4/1 

4.4 

4.7 

AJ 

it 

3.1 

4A 

7-k  <O.J 

AUG.  21 

5000 

z-  e 

5* 

k.3 

4.9 

78 

7.6 

tr.i 

8.7 

la 

7.6 

5.3 

hi 

3.6 

3.9 

4.6 

5.2 

4.»  6 

I960 

X-M 

K-t 

5.a- 

5.6 

X.6 

4,7 

l-l 

44 

«.< 

7.1 

67 

4.7 

• .4 

5.1 

0.5 

6> 

oil 

T.l 

& 

tr 

144 

6.4 

If.V 

S.7 

ivA 

£.0 

6.1 

AJG.  VI 

0600 

/-5 

4.9 

r.j 

* 

6 *jip 

I 44 

7.9 

E0 

x.S 

1.0 

0.9 

l.i. 

1.7 

£7 

>»» 

4x7 

x.t 

1.7 

T.4 

1.0 

0.6 

OP 

X.0 

<C 

6.3 

9.3 

11.4 

14.1 

<>•6 

t.f 

H-C 

9-1 

5A 

4 9 

K6 

6-5 

7.*b 

P.i. 

n.f 

1 VO 

(I.X 

7.4 

4.4 

iS 

£6 

34 

AUG.  21 

1260 

X-E 

A.X 

5* 

9.« 

14.0 

JX.u 

7.4 

V.c 

i.i 

2.1 

1.4 

2.1 

2.6 

33 

1* 

4.2» 

Z“ti 

IvX 

4-0 

ib 

'.A 

tl 

X.I 

4.5 

I.I 

10. 1 

av 

\ 0,4 

S.V 

Tl 

H-K 

5.4 

5.1 

41 

4i» 

Si 

612 

7.4 

lat 

f.l 

6.6 

S-4 

i'.k 

E.7 

S3 

AUG.  il 

l%60 

Z-E 

4.1 

*>.4 

11.6 

IS  3 

J4A  H.V 

|0.% 

1.4 

1.8 

2.1 

I.I 

O.l 

0.0 

0.0 

1.4 

4.37 

Z-H 

f.4 

1.4 

14 

16 

L'3' 

1.5 

l.t 

30- 

t. 

7.7 

9.t 

1*0 

*» 

IV.A 

1 o.A 

IX 

M-5 

1.7 

7.7 

♦ 1 

so 

(.5 

4.5 

t*P 

iifi 

t.l 

sx 

3.4 

S.4 

3.6 

AUG  21 

2400 

l*ir 

1.7 

71 

10.1 

iV4 

|».»  l»/7 

4^7 

HA 

VA 

1.5 

0.5 

«J 

0.1 

0.4 

1.1 

».4I 

z-rt 

75 

*» 

V*- 

XA 

2> 

7A 

lift 

».t 

7.5 

»».l 

HA 

l hi 

SI. 3 

102 

N»r 

5.0 

X5 

f.l 

s.v 

5.7 

C.l 

V3 

4* 

IB-0 

Irl 

tH 

S.7 

4.7 

43- 

4b 

4.U 

of  froqooocy  of  oocorroaco,  o,  of  phaoo  dlfforunce* 


*» 


-24- 


IAXXJ  ns.  AKPLXSOT1  UdA 


Bit* 

OOf 

h 

V^tiTH 

Oraaad  iaplltvd* 

(■iemltoplltiiM  UtU 

H H VhV* 

ftrlod 

?. 

Jag  20,  1990 

1800 

T5T 

1.93 

2.99 

0.99 

1.74 

3.83 

lag  *1 

0600 

4.01 

9.16 

9.7* 

0.69 

l.3b 

4.© 

1200 

3.01 

3.* 

4.49 

0.61 

1.39 

4.74 

1200 

3.33 

4.31 

4.62 

0.72 

l.3» 

4.92 

24oo 

2.34 

2.92 

3.39 

0.69 

1.41 

4.17 

tept  11,1990 

1200 

2.79 

3.29 

4.99 

0.60 

U62 

4.33 

*00 

4.79 

6.38 

7.U 

0.67 

1.34 

4.98 

l*pt  12,1990 

ObOO 

6.91 

«.2f 

9.62 

0.68 

1.40 

4.99 

1200 

6.71 

9.09 

ll.Jb 

0.99 

1.49 

9.82 

«*pt  11,1999 

0000 

1.79 

1.61 

2,44 

O.72 

i.«7 

4.90 

0600 

2,21 

2.37 

3.43 

0.64 

1.72 

9.99 

1200 

2.94 

3.90 

4.08 

0.72 

1.44 

6.09 

Oct  llt1990 

0000 

1.73 

2.9b 

2.28 

0.68 

1.12 

7.70 

D*o  5,1990 

0900 

4,00 

6.49 

7.93 

0.90 

1.38 

3.63 

1200 

4.30 

6.83 

7.84 

0.59 

i.31 

3.91 

S*pt  11,1951 

0000 

1.92 

2.28 

2.24 

0.68 

1.19 

6.14 

0600 

1.90 

2.75 

2.71 

0.70 

1.20 

6.39 

1200 

2,00 

3.01 

s.  81 

0.71 

1,14 

6.69 

mm 

(Tr«c*  toplitud»-i 

m) 

lug  20,1950 

2400 

2.34 

4.50 

3.45 

0.68 

0.93 

4.1b 

tog  21 

0600 

5.03 

9.83 

b.88 

0.73 

0,87 

3.82 

1200 

5.0b 

9.0b 

b.17 

0.82 

U.88 

4.28 

1800 

5.  It 

10.44 

6.32 

0.82 

0.T8 

4.2? 

2400 

4,02 

7.3b 

4.79 

0.84 

0.85 

3.91 

25- 


7,  OOKPASISOB  07  CGXHJTH)  D0U15AE?  AmQAffi 
SISCT1CB8  WITH  QSSBY®  SPOW  ’JllECTIffiTB 

mim sa 


Angle  ruV- 


Refined 

Dlreetlos 

tended  at 

Oeriaaat 

Direction 

of  Stem 

Station 

Data 

OCT 

^»draat 

Tor  trig/] Eg  Caster 

87  Stem 

decree a 

degree* 

degree* 

AS*  20,1950 

1800 

SI 

S29» 

837* 

7** 

As*  21 

0603 

O 

8351 

•34s 

Ml* 

j6 

1200 

a 

Vo  71 

67 

1800 

a 

S3ci 

I52X 

3* 

21*00 

xs 

1391 

137* 

31 

•apt  11,1950 

1800 

a 

831S 

830 

103 

2400 

a 

•341 

•70 

STbS 

114 

•apt  12 

OfiOO 

83 

1341 

W 

1200 

S3 

•ns 

1791 

86 

•apt  18,1950 

0000 

XI 

1361 

xua 

33 

0600 

1200 

xs 

n 

S3 

143s 

X44I 

*5 

22 

Oct  13,1950 

0000 

IS 

Sj4l 

•so 

30 

Dae  5,1950 

0900 

S3 

•271 

S8Sl 

115 

1200 

S3 

829* 

177* 

99 

Sept  11,1951 

0030 

n 

1341 

1718 

34 

0600 

XS 

8351 

*n5> 

27 

1200 

xs 

1351 

■6  U 

29 

V2STCY 

As*  20,1950 

2400 

SI 

S341 

en 

98 

Ax*  21 

Ob  00 

S3 

1361 

170 

;os 

1200 

sx 

8398 

1721 

90 

1800 

81 

8398 

8401 

2551 

59 

2400 

S3 

8571 

38 

-26 


i 

I 


' tabu  n.  ockfasisc*  or  ookhtto  iibividcal  vati  approach 
othictioss  via  ossetsd  now  uwcnwi 

PALISATM 


Angle  »v 


DaU 

OCT 

ladlTidnai  Vtn 
Approach  Direction* 

Direction 
ef  Stom 
C«a(w  , 

WodAd  At 
Station 
ter  IVora 

*«  *1,1950 

1001 

&MTMI 

decree • 
3® 

Bipt  11,1950  1925 

513.961, *a 

*30 

103 

kpl  18,1950  1150 

1351,1261 

HAS 

a 

Oat  13,1950 

0033 

1361,130 

1621 

30 

Dec  5,1950 

1817 

•201,5211 

1771 

99 

e*pt  11,1951  1207 

lSgs  ,1621, 1^21, 1^1 

1611 

29 

y&m 


Aog  21,1950  1759  523, 510, BIO, 510  *653! 


59 


Fig*  2.  Empirical  ourra  of  the  ratio 
of  tha  mean  horiiantal  to  tha  near 
vartioal  amplitudes  plotted  against 
naan  period. 


Fic*  3,  A.  W,  Lee’o  observed  and 
theoretical  data  for  Amplitude  ratioe 
and  period. 
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three-ocsaponent  seismograph  and  the  Barth -particle 
trajectories  for  the  three  principal  naves  at  26  to 
49  seo.  on  October  13,  1G60,  00300CT. 
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